Tomotherapy archive structure and new software tool for loading and advanced analysis of data contained in it  by Ryczkowski, Adam & Piotrowski, Tomasz
reports of practical oncology and radiotherapy 1 6 ( 2 0 1 1 ) 58–64
avai lab le at www.sc iencedi rec t .com
journa l homepage: ht tp : / /www.rpor .eu /
Original article
Tomotherapy archive structure and new software tool for
loading and advanced analysis of data contained in it
Adam Ryczkowskia,∗, Tomasz Piotrowskia,b
a Medical Physics Department, Greater Poland Cancer Centre, Poland
b Department of Electroradiology, University of Medical Sciences, Poznan´, Poland
a r t i c l e i n f o
Article history:
Received 15 October 2010
Received in revised form
3 January 2011
Accepted 5 January 2011
Keywords:
Tomotherapy
Non-rigid image registration
Dose distribution
Matlab
a b s t r a c t
Aim: The main objective of the study was to analyze the structure of data contained in the
archives exported from a tomotherapy treatment planning system. An additional aim was to
create an application equipped with a user-friendly interface to enable automatic reading
of ﬁles and data analysis, also using external algorithms. Analyses had to include image
registration, dose deformation and summation.
Materials and methods: Files from the archive exported from the tomotherapy treatment plan-
ning system (TPS) were analyzed. Two programs were used to analyze the information
contained in the archive ﬁles: XML Viewer by MindFusion Limited and HxD hex editor by Maël
Hora. To create an application enabling loading and analyzing the data,Matlab byMathWorks,
version R2009b, was used.
Results: Archive exported from the TPS is a directory with several ﬁles. It contains three types
of data: .xml, .img and .sin. Tools available in Matlab offer great opportunities for analysis and
transformation of loaded information. Proposed application automates the loading of nec-
essary information and simpliﬁes data handling. Furthermore, the application is equipped
with a graphical user interface (GUI). The main application window contains buttons for
opening the archives and analyzing the loaded data.Conclusion: The analysis of data contained in the archive exported from the tomotherapy
treatment planning system allowed to determine the way and place of saving information of
our interest, such as tomography images, structure sets and dose distributions. This enabled
us to develop and optimize methods of loading and analyzing this information.
© 2011 Greater Poland Cancer Centre, Poland. Published by Elsevier Urban & Partner Sp.1. BackgroundTomotherapy is a combination of a therapeutic accelerator
with a CT scanner.1 A fan beam is used for irradiation, and
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the dose is delivered with all possible orientations around theCancer Centre, ul. Garbary 15, 61-866 Poznan´, Poland.
patient. As a result of the combination of rotation of the gantry
with the advancing movement of the table, the source of radi-
ation moves round the patient along a spiral track, as in spiral
CT.2
. Published by Elsevier Urban & Partner Sp. z.o.o. All rights reserved.
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The imaging system that was used enables the patient’s
aily veriﬁcation and control of the size and location of the
umor. Thanks to that, physicians can observe the evolving
umor and, if necessary, decide to correct the treatment plan.
omography images obtained this way can be used in the
lanned Adaptive module.
The Planned Adaptive module of the treatment plan-
ing system allows to create new plans on the basis
f veriﬁcation of doses obtained from previously deliv-
red fractions.3 The system recalculates the dose dis-
ribution using MVCT scans collected directly before a
ession of radiotherapy. The dose distribution obtained
his way can be compared with the expected distribution
nd, if necessary, adjustments in the treatment plan can
e made.
Images in the planning system are imposed in linear
ethods, dose summation is produced by adding a rigid
rid of pixels. There is no possibility of including the
eformation or change in the volume of various organs.
ence the idea to perform deformation of dose distribu-
ions using a non-rigid algorithms that allow local changes
n shape and volume, then the summation of doses trans-
ormed this way. However, there is no publicly available
oftware for this type of operation; hence the idea to
reate one.
Image registration is the process of uniﬁcation of two (or
ore) images collected at different times, from different view-
oints orwithdifferentmethods.4 This operation is performed
o compare or complement (integrate) data collected in differ-
nt sets. In medical imaging, image registration algorithms
re used to combine images from different imaging systems
e.g. CT–MRI or CT–PET) and comparing images collected at
ifferent times.
Image registration algorithms can be divided according
o an image transformation method used. The ﬁrst group
onsists of algorithms that use linear transformations such
s scaling, translation, rotation and other afﬁne transforma-
ions. Linear transformations are global in nature and may
ot take into account local differences between registration
mages.
The second group consists of algorithms that use ﬂexible
ransformation (so-called non-rigid). These algorithms may
ocally deform the target image in order to better match the
eference image.
. Aim
he main objective of this study was to analyze the struc-
ure of data contained in the archives exported from the
omotherapy treatment planning system. Speciﬁed objec-
ives included: the analysis of the structure of ﬁles in
he archive, the analysis of data contained in each ﬁle,
evelopment of a method for reading and correct inter-
reting of the information contained therein. An additional
im was to create an application equipped with a user-
riendly interface to enable automatic reading of ﬁles and
ata analysis, also using external algorithms. Analyses
ad to include image registration, dose deformation and
ummation.iotherapy 1 6 ( 2 0 1 1 ) 58–64 59
3. Material and methods
Files from the archive exported from the tomotherapy treat-
ment planning system have been analyzed. These archives
were exported using the Archive patient data option in the
planning system5 or through a Data Management System
(DMS).6 Such archives are created after patient radiation
therapy process to free disk space on the server. They are
then stored on storage media, such as DVDs, for future
reference.
A tomotherapy archive includes ﬁles in three formats, with
three different extensions: .xml, .img and .sin. For the analysis
of the information contained in .xml ﬁles, the program used
XML Viewer by MindFusion Limited. It allows to load a ﬁle and
present its content in a convenient form of a data tree. To pre-
view the contents of .img and .sin ﬁles, we used HxD hex editor
created by Maël Hora.
Archives exported from the tomotherapy treatment plan-
ning system have a speciﬁc format. It is not possible to load
the information contained therein to other programs or treat-
ment planning systems, as is possible, for example, in the case
of DICOM-RT format.
The possibility of loading information contained in the
archives allows to perform operations that cannot be done
in the tomotherapy treatment planning system, such as dose
distribution deformation and non-rigid image registration.
To create an application to enable loading and analyzing
data contained in the tomotherapy archive, we used Matlab by
MathWorks, version R2009b. It contains Image Processing Tool-
box which enables wide analysis of image data.7 Owing to the
function enabling the creation of dose–volume histograms,
evaluation and comparison of loaded dose distributions is
available.8,9
The developed applicationuses external image fusion algo-
rithms. There are two algorithms written by Dirk-Jan Kroon.
The ﬁrst is the registration with demon (ﬂuid) algorithm,10,11
the second is the registration with a smooth b-spline grid.12
In addition, the second algorithm is used for rigid registra-
tion. The application to read xml ﬁles uses an external toolbox,
written by Marc Molinari (XML Toolbox).13
4. Results
Archive exported from the Thomoterapy treatment planning
system is a directory with several ﬁles. The directory name
contains the patient’s nameand surname, IDnumber anddate
of export. It contains hundreds of ﬁles, most of them have
names consisting of a sequence of numbers. Archives may
have different sizes. Depending on the quantity of images con-
tained, treatment plans, or the quantity of completed fraction,
they can vary from 100megabytes to 1.5 gigabytes.
4.1. Tomotherapy archive structureArchive contains three types of ﬁles:
• ﬁles with .xml extension – containing information in the
form of a data tree;
nd ra60 reports of practical oncology a
• ﬁles with .img extension – including graphical information,
such as MVCT or kVCT images and dose distribution;
• ﬁleswith .sin extension – containing information in the form
of sinograms.
Files ending with .xml (eXtensible Markup Language) provide
information on structured format (data tree). Analysis of the
contents of each ﬁle using XMLViewer makes it possible to
understand the data contained therein and to develop a way
to use them.
Four types of .xml ﬁles can be distinguished by sufﬁx at the
end of the ﬁle name. A ﬁle ended with patient is a key one, as
it provides information about the patient, the created plans,
performed scans, etc. It also contains information about the
contents of all the other ﬁles, as well as information needed
to read and interpret them.
File ended with machine contains information about
the therapeutic machine on which treatment plans have
been and/or will be performed. It contains some informa-
tion about the components of the machinery and used
parameters.
Files with the name ending in imagingequipment con-
tain information about devices used for patient imaging.
They provide key information about the ﬁle containing
the calibration curve, from which the computer system
calculates the value of each pixel image on the actual
density.
The largest collection of ﬁles endwith set. It contains infor-
mation about structures’ contours. Data are represented by a
set of pairs of numerical values which determine the location
of points on the CT scans. Each scan corresponds to a branch
in the structure of the ﬁle. One ﬁle stores information on a
single structure.
The second group are the ﬁles ending in .img. They contain
graphic data such as computed tomography images, on which
the treatment plan was made, megavolts computed tomogra-
phy (MVCT) images obtained on the therapeutic machine for
correct positioning of the patient, and calculated dose distri-
butions.
These ﬁles do not contain any information in the header,
so it is impossible to open them in popular graphic programs.
Data necessary to read them, such as image size, the num-
ber of bits per pixel, or a compression, are stored in a speciﬁc
branch in a ﬁle ended with patient.xml. All slices are stored in
one data ﬁle.
In the case of tomographic images, each pixel is
described by a nonnegative integer. These values can be
easily converted to values expressed in Hounsﬁeld units
(HU).
Elements of ﬁles with dose distribution are described by
nonnegative real numbers. They deﬁne explicitly dose value
located within an item.
The last group are data ﬁles in the form of sinograms. They
contain information about how the collimator leaves work
(opening time) for each fraction planned. For performed frac-
tions, sinograms contain information collected during patient
irradiation through detectors matrix. The ﬁles with the .sin
extension also hold calibration curves for imaging devices and
data from Airscan procedures.diotherapy 1 6 ( 2 0 1 1 ) 58–64
4.2. Loading data
Loading the contents of ﬁles with the .xml extension to the
Matlab environment is possible by using external package
(XMLToolbox). This package reads the ﬁle into a structures type
variable, maintaining a data tree structure. Another operation
on such data, which has been downloaded already, held in the
usual way.
The information contained in ﬁles with extensions .img
and .sin can be loaded into the memory by using Matlab
environment’s standard commands. Essential in performing
this operation correctly is information contained in speciﬁc
branches of the ﬁle ending with patient.xml (branch called
arrayHeader). Information stored there describe: the ﬁle name
(key binaryFileName), the size of the data matrix (key dimen-
sions) and the precision (key dataType).
Once the contents of ﬁles are appropriately loaded into
the memory, they become standard variables. In the case of
tomography images and dose distribution (.img ﬁles) they are
three-dimensional arrays, where the third dimension corre-
sponds to the successive slices. For data from .sin ﬁles, they
are two-dimensional arrays.
4.3. Application
Tools available in Matlab offer great opportunities for analysis
and transformation of loaded information. Proposed appli-
cation automates the loading of necessary information and
simpliﬁes data handling. In order to simplify its use, the appli-
cation is equipped with a graphical user interface (GUI).
Themain applicationwindowcontains buttons for opening
the archives and displaying tomography imageswith dose dis-
tribution and sets of structures. Themenubar contains several
options to allow execution of functions and analysis of loaded
data.
After selecting a plan to display, the program loads into its
memory appropriate .img ﬁles with CT images and dose distri-
bution and .xml ﬁles with a set of structures. All these data are
displayed in the preview window (Fig. 1), containing a series of
controls for changing the display (choice of projection, slice,
change of values and colors of isodoses, change of displayed
structures, zoom in and out).
There are also two buttons in the preview window. The
ﬁrst allows you to save displayed images in an image ﬁle (tiff
format), the second calls the function of the dose–volume his-
togram for the currently displayed contours (Fig. 2).
The application menu contains two groups of commands:
Register and Dose. Functions called by the command of the ﬁrst
group allow to call image registration window, load the results
of previously executed registration and reads and shows the
shifts which were accepted during patient positioning veriﬁ-
cation.
The image registration window contains a set of controls
enabling o change the options of image registration (Fig. 3).
The user can select themethod of registration (rigid, afﬁne, non-
rigid demon, b-spline), modes (original or reduced resolution)
and way of comparison. Other options allow to create a mask
with weights based on the structures set, usage of initial shifts
accepted during patient positioning veriﬁcation or to save a
matrix of deformation in a ﬁle for further use.
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The developed application was equipped with four meth-
ds of image registration. Two rigid type algorithms include
inear transformation (shifts and scalar multiplications) and
fﬁne transformation. The two types non-rigid algorithms are
emon registration algorithm, which is a type of a fast ﬂuid
ike registration and a b-spline based on a grid of control
oints.
Once the scans are prepared, the process of registration
egins. Then, the preview window displays registered images
nd calculated average image displacement vectors as well as
ther statistics for structures set. The result of the algorithm
s a matrix of deformation which describes, how to deform an
mage to ﬁt it to another. Matrix of deformation has a form
f three arrays (one for each direction) where each cell cor-
esponds to one voxel and contains information about the
ransfer. In the case of rigid algorithms, the average value of
he array corresponds to a shift the whole image made in that
irection.
The second group of commands (Dose) contains features
or deformation, loading, summation and comparison of doseon – preview window.
distributions. The ﬁrst function allows the deformation of
dose distribution using the previously stored deformation
matrix from the image registration. This function deforms
the selected dose distribution in the same way, as the mov-
ing image was deformed to be ﬁtted to the base image.
Deformed dose distribution can be displayed and/or saved in a
ﬁle.
Another feature allows one to load dose distribution (saved
deformed dose distribution or dose distribution from the
Planned Adaptive module). The application automatically ﬁnds
and loads CT scans and the set of ROIs associated with the
dose distribution.
The third function allows summing selected dose distribu-
tions. Deformed doses as well as doses from standard plans
and from the Planned Adaptive module can be summed up. For
each dose amultiplier factor can be deﬁned, allowing to assign
a different relevance to each dose distribution. Owing to that,
it is possible to sum up dose distributions, even if dose distri-
butions are not created for all deformed fractions and some of
them have to be multiplied.
62 reports of practical oncology and radiotherapy 1 6 ( 2 0 1 1 ) 58–64
ramFig. 2 – Dose–volume histog
The fourth and the last function from theDose group allows
to compare two dose distributions. The result of comparison
is presented in two forms: a dose–volume histogram, where
a solid line represents the ﬁrst distribution and a dashed line
the second one, and a map of differences imposed on the CT
scans (Fig. 4).
Fig. 3 – Image registcreated in the application.
The last feature of the application is the summation of
dose distributions from different treatment plans for a sin-
gle patient (for example, successive stages of treatment). The
condition is that these plans were calculated on the same sets
of CT scans.
ration window.
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. Discussion
key element to understand the structure of archives
xported from tomotherapy treatment planning system was
he content of .xml ﬁle ending with patient. Analysis of the
nformation contained in it helped to ﬁnd and understand
he information contained in all other ﬁles. The information
ontained in speciﬁc branches (called arrayHeader) made it
ossible to load the contents of ﬁles containing the graph-
cal data (extended with .img) and the data in the form of
inograms (extended with .sin) to the Matlab environment.
To be able to properly read the information contained in
les with .img and .sin extensions, it was necessary to change
he order of reading bits/bytes in the ﬁle (machineformatparam-
ter). Default for Windows is a little-endian ordering, while for
orrect reading of data from the archive itwasnecessary to use
big-endian ordering, as is common in Unix family systems.
All slices in the set of tomographic scans (dose distribu-
ions) are stored in one .img ﬁle. Therefore, the loading must
e done slice by slice in a loop, where the number of runs
s equal to the number of slices. In addition, to display the
mages in the correct orientation, it is necessary to transpose
he matrix with a single slice. By saving all the slices into one
hree-dimensional matrix, it is possible to achieve the two
ther tomography projections (coronal and sagital).
The application thus developed automates and simpliﬁes
he loading and analysis of the data contained in the archivetributions imposed on CT scans.
exported from the tomotherapy treatment planning system.
One of the main features is the ability to create dose–volume
histograms for a set of loaded structures. The application
allows to create a histogram including or not anOverlap Priority
parameter.
A single voxel can only belong to one structure. In the
case of overlapping structures, a common voxel is assigned
to this structure where Overlap Priority parameter is lower.
That creates holes in the structures of a higher value of this
parameter.
The possibility to create a dose–volume histogram with-
out using an Overlap Priority parameter allows to compare
plans created in the tomotherapy treatment planning system
with the plans created in other systems. Comparison based
on histograms exported from the tomotherapy planning sys-
tem, particularly in largely overlapping structures,maydeliver
ambiguous results.
To register images, our application uses external algo-
rithms; therefore, we had no inﬂuence on their performance.
To speed up the algorithms we had to prepare the input data
properly. Double reduction of resolution of scans shortened
calculation time, particularly in the case of non-rigid registra-
tion. However, in the case of rigid option and a large number
of slices, the initial reduction of images takes longer than
the time saved by speeding up the algorithm. The initial shift
of images based on values accepted during patient position-
ing veriﬁcation has also some inﬂuence on the shortening of
image registration.
nd ra
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6. Conclusions
The analysis of data contained in the archive ﬁles exported
from the tomotherapy treatment planning system allowed to
determine the way and place of saving information of our
interest, such as tomography images, structures set and dose
distributions.
This enabled the development and optimization of loading
of this information. It also allows to continue further analy-
sis, also using external algorithms that require speciﬁc input
format.
The result is an application that allows loading of treat-
ment plans; display of tomographic images dose distributions
and sets of structures; creation of dose–volume histograms;
registration of images with non-rigid methods; deformation
and summation of dose distributions.
The application has a great potential for development. All
it takes is simply to add new functions. The search for the
method of veriﬁcation of results obtained by using the existing
features of the application is currently in progress.
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